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SUMMARY 

Studies were made of pt- and Au catalyzed porous electrodes, designed for 
the cathode of the alkaline fuel cell, employing cyclic voltammetry 

and the floating half-cell method. The purpose was to obtain parameters from 
the cyclic voltammograms which could predict performance In the fuel cell. It 
was found that a satisfactory relationship between these two types of measure 
ment could not be established; however, useful observations were made of rela 
tlve performance of several types of carbon used as "supports" for noble metal 
catalysts and of some Au catalysts. The best half-cell performance with 
Hj»/ 02 In a 35 percent KOH electrolyte at 80 °C was given by unsupported 
fine particle Au on Teflon; this electrode, developed by U1C (now IFC), Is 
used In the Orblter fuel cell. 


INTRODUCTION 

In view of the need for reliable long life alkaline fuel cells, especially 
for space power applications, tests are much desired which can predict perform 
ance of fuel cell electrodes. In this work the electrode studied was the 
cathode of the alkaline oxygen fuel cell. The basic approaches for obtaining 
predictive parameters could be based on the techniques of cyclic voltammetry, 
polarization, and current Interruption. In the present study the first two 
techniques were employed to obtain Information about the electrodes. The elec- 
trodes Investigated were specially fabricated porous carbon electrodes with 
various amounts of dispersed platinum or gold as active catalysts. Unsupported 
gold platinum alloy was also examined. In alkaline fuel cells the carbon plays 
an Important role In electron transfer reactions. The most Important electro- 
chemical function of C In alkaline electrolyte Is the production of the per- 
hydroxlde Ion, H0;j, which Is then (ref. 1) chemically decomposed by the 
Incorporated metal catalyst to oxygen and OH- . Corrosion of carbon Is a 
problem; the corrosion Is most severe at high anodic potentials (ref. 2) but 
It occurs In the alkaline fuel cell at Its more anodic potentials, e.g. open 
circuit voltages. The stability of carbon against such corrosion can be 
Improved by various treatments of carbon. In this study carbons were employed 
that had been treated In different ways. 

In cyclic voltammetrlc experiments current voltage measurements are made 
between the regions of hydrogen evolution and oxygen evolution on test elec 
trodes. The regions of Interest were the hydrogen adsorption region, the 
Integrated value of which Is a measure of available platinum for the catalysis 
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(ref. 3), and the double layer region, whose width, (d ), Is a measure of total 
available surface area (Including both carbon and platinum); this width ropre 
sents the total capacitance which Is given by the area between the electro- 
catalyst and electrolyte. The floating half cell (ref. 4) was employed for 
obtaining the current voltage data regarded as closely Indicative of fuel cell 
performance. 

In these studies, correlation which might predict fuel cell performance 
was sought between the cyclic voltammetrlc data and the polarization data. 
During the course of the work the morphology of some Au materials became a 
matter of Interest for which electron microscopy and diffraction were employed. 


EXPERIMENTAL 

Electrodes 

The electrodes studied are given In table I. The five Pt/C and the one 
Au/C electrodes were fabricated by Glner Inc., as 5x7 In. sheets on N1 screen, 
In the form of practical fuel cell electrodes. The second gold electrode, 
specimen 7, Is a piece of IFC (formerly UTC) alkaline fuel cell cathode. Only 
this last electrode Is an actual fuel cell cathode, although the others were 
fabricated exactly as practical electrodes would be made for this application. 


Apparatus 

For both cyclic voltammetrlc and polarization measurements a PAR Model 173 
Potentlostat/Galvanostat was used. The ramp voltages were generated by an ECO 
Model 566 Function Generator. An X-Y recorder was used for the display of the 
current- voltage curves. The IR corrections for the polarization curves were 
obtained with the Electrosynthesis Corp. current Interrupter. The reference 
electrode was a dynamic hydrogen electrode (DHE). 

The cyclic voltammetrlc curves were obtained In 1 N H 2 SO 4 at 25 °C. 

For these measurements the electrodes were first wetted with 20 percent 
Isopropanol-water, rinsed, and preconditioned by polarizing at +1.45 V versus 
the DHE for 1 min and at 0.0 V for 1 min. This treatment was repeated to 
remove also jed organic Impurities from the catalyst surface. The electrodes 
were then suojected to cyclic sweeps between +0.035 and +1.35 V at 5 mV/s. 

The voltammograms were recorded when they were steady and reproducible. 

Polarization data were obtained gal vanostatlcal ly In a floating half-cell 
(ref. 4). The electrolyte, 35 percent K0H at 80 °C, was used also In a pre 
saturator through which bottled oxygen flowed en route to the half cell. El 
curves were recorded at current densities from 0 to 200 mA/cm 2 . Voltages at 
100 and 200 mA/cm 2 were read and corrected for IR drop. 

The Au 10% Pt electrode material was examined by electron microscopy 
and electron diffraction with the expectation of ( 1 ) observing the crystal 
morphology of the ~I5Q X particles, and (2) obtaining diffraction from small 
regions at their edges. 
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In the cyclic voltammetrlc measurements (fig, 1) the parameters studied 

were: 


(1) H adsorption area as a measure of effective platinum catalyst area, 
using the accepted factor of 21Q nC/cm 2 far platinum (ref. 3) 

(2) Width of the double layer region, dl, as a relative measure of the 
effective capacitance of the electrode 

(3) Resolution of the H adsorption peaks (ref. 7) for possible grading of 
the Pt . It soon appeared that only an evaluation as "good" or "poor" 
might be warranted, but even this terminology was not useful. 

Table II summarizes the data obtained from cyclic voltammetry In 1 N sul- 
furic acid at 25 ®C and from half-cell polarization measurements using oxygen 
at 80 ®C In 35 percent KOH. The half-cell voltages were corrected fpr ohmic 
drop. Samples 1, 5, and 6 were also corrected for catalyst loading so that the 
observed currents could be compared for loadings normalized to 1 mg/cm 2 . This 
was done graphically by reading the voltage from the polarization curve at 
current values twice those of the experimentally observed values. Specimens 
from the same sample were within 10 percent of each other with regard to polar 
Izatlon and cyclic voltammetrlc area. The areas reported here were measured 
about 9 months after the receipt of the electrodes; some of the samples of the 
same material had been studied within 2 months of receipt and they Indicated 
higher areas by about 30 percent. 

Figure 1 Is presented as representative of the cyclic voltammograms (CV) 
obtained with Pt/C electrodes In H 2 S0 4 . Table II shows no significant 
connection between CV features and the half- cell performance, so the Individual 
CV have not been reproduced. Figure 2 consists of the I-E runs for samples 5 
to 7. Since 7 Is the 20 mg/cm 2 Au-10% Pt IFC electrode, and both 5 and 6 
are 0.5 mg/cm* Pt-on-carbon electrodes, no corrections for loading were made 
for this figure. However the IR corrections at 100 and 200 mA/cm 2 are deslg 
nated by arrows. Sample 5 has been taken to represent the Pt/C electrodes, 
particularly because of Its low polarization. 

Electron microscopy of the Au 10% Pt powder which Is used to make the 
IFC electrode disclosed continuous Irregular clumps of particles. The Pt was 
not distinguishable from the Au, although some of the Pt Is said to be only 
partially alloyed (ref. 6). The particles were Impossible to separate which 
resulted In their morphology being visible only at the edges of clumps where 
hints of only hexagonal forms could be seen (ref. 7). Electron diffraction 
with beams as small as 1.5 u yielded random spots, Indicating the presence of 
small crystallites, appreciably smaller than the particles, In random 
orientation. 


DISCUSSION 

That catalyst surface area which Is determined from hydrogen adsorption 
In acid medium might be expected to correlate with any catalytic process which 
depends on the area of available catalytic surfaces. There Is Indeed observed 
here a weak correlation with the polarization results, more so at 100 mA/cm 2 
than at 200 mA/cnm. At the higher current densities, factors other than 
catalyst area appear to predominate, such as blockages In the pore structure 
of the electrode Inhibiting mass transport In the solution. 
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In principle, the width of the double layer region Is related to the com 
blned surface areas of the Pt catalyst and the carbon support. Because of the 
porous nature of the supporting high surface area carbon, one can safely assume 
that the width, dl, Is essentially determined by the carbon porosity, further 
and differing from Pt where hydrogen adsorption Is the dominant factor, neutral 
organic molecules tend to adsorb on C In the dl region, thus weakening correl 
atlon between dl and current density, ihe data, table II, show no correlation 
between dl measurements and polarization. 

The effect of heating as a pretreatment Is seen In table II for 
electrodes 3 and 4. They show about the same polarization, medial In this 
series, which suggests a similar effect due to heating even at such disparate 
temperatures. The 2700 °C heating undoubtedly graphltlzed the C fully, but the 
lObO C pretreatment should do no more to the C than desorb the Impurities, 
However, 1050 °C Is reported to have some effect on the Pt, possibly even form- 
ing some Pt carbides (ref. 5). A more extensive study would be required to 
Identify these Individual effects. 

Ihe E-I charts from the 80 °C half cell runs are reproduced In figure 2 
for specimens 5 to 7. Comparing polarization between 100 and 200 mA/cm?, 
specimens 5 and 6 are directly comparable In regard to their catalyst loading, 
but certain Inferences may be drawn from comparing them with specimen 7 despite 
Its 20 mg/cm* loading. These three electrodes show less polarization than the 
other four. It may be Inferred that the structures of electrodes 5, 6, and 7 
show less mass transport polarization; the four others do have voluminous carbon 
In the active part of the structure. In order to further enable the compar- 
isons among all the C- supported catalysts (1 to 6), the voltages In table II 
were corrected also for loading. This correction Is based on the assumption 
that the current Is proportional to loading of the catalyst (ref. 8), and on 
the facts that the reduction of oxygen to hydrogen peroxide on carbon Is rapid 
and reversible, and that the current Is limited by the catalytic reaction rate 
(ref. 1). 

Despite the factor of 20 or 40 between the loading of specimen 7 and the 
others, certain speculations may be made from the half-cell data obtained with 
specimen 7. These are In agreement with the IFC performance data from an 
operational fuel cell assembly, l.e., the polarization Is very low. The orig- 
inal half-cell chart (not reproduced here) shows continued low polarization up 
to 1 A/cm^. Electrode 6 had been designed to examine the effect of dispers- 
ing fine Au particles on C, and was fabricated analogously to Pt/C structures 
the Interest stemming from possibilities of reducing the quantity of gold 
catalyst required and providing high surface area and high dispersion of the 
gold. 


It Is observed that specimen 7 has some Inherent superiority over any of 
tho others. The low polarization may be due to the absence of a second phase, 
name!y carbon, thus minimizing mass transport polarization. Specimen 5, while 
It has C also, does not have the loose, high area, carbon structure of elec 
trodes 1 to 4 and 6, and It also shows low polarization. Implicit In the per 
formance of unsupported gold Is the ability of gold alone to perform the entire 
reduc t lon/cata 1 ys 1 s with at least the efficiency of Pt/C. Electronic conduc- 
tion from the surface of the gold to the mounting screen Is effected by the 
tightly c tumped gold (aided by heavy loading) and also by microcracks In the 
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Teflon embedded In the screen. It has been reported that when the electrode 
Is heated to 500 T In fabrication, these cracks appear, allowing the gold to 
make contact to the collector screen. 

Separate consideration Is warranted In the matter of activity of Au. 
Classically Au has been considered a poor catalyst for oxygen reduction 
(ref. 9). The performance since 1977 by the oxygen catalytic electrode In 
Orbltcr missions seems to have gone unnoticed In the literature, yet published 
IFC (then, UTC) data show test stand runs with 6 cell stacks at 6? °C In 
35 percent KQH for 18 000 hr (ref. 15). 

How does one reconcile these two apparently contradictory views of Au as 
an oxygen catalyst? These suggestions are herewith made: 

(1) The (100) plane of single crystals of Au has been shown to be much 
more active for Op reduction than the (111) plane; there Is some uncertainty 
about the (110) plane (ref. 10). Earlier studies on gold have been made on 
sheets or wires where the gold must have had the fee cold-worked texture, In 
which little or no (100) face material Is on the surface (ref. 11). On the 
other hand mlcrocrystallltes may present (100) faces at edges. 

(2) Mlcrocrystallltes of gold may have surface defects which could be 
active sites, apart from edge effects and orientation effects. 

(3) Slightly elevated temperatures, with or without small particles, could 
have a positive effect on the reduction of oxygen (ref. 12). 

The success of the Au 10% Pt electrode may be attributed to factors 
such as these: 

(1) edge effects and surface defects of the particles 

(2) avoidance of a support phase; a catalyst that could also be Its own 
current carrying support would In effect suffer no dilution of Its 
activity 

Improvement of the oxygen electrodes In the directions of higher tempera 
ture operation, high current densities, and long life may well be sought with 
these factors In mind. Defect mixed oxides of transition elements are plaus- 
ible candidates (refs. 13 and 14) for research In these directions. 


CONCLUSIONS 

1. Parameters obtained from cyclic voltammetry are of limited use In pre- 
dieting fuel cell performance of the cathode. Half cell polarization measure 
merits offer the closest simulation of the performance of the oxygen electrode, 
although a predictor of electrode life Is still lacking. 

2. Micro particle, micro crystalline Au, which with 10 wt % Pt Is the 
catalyst of the IfC cell used In Orblter, accomplishes oxygen reduction by 
Itself. The relatively heavy loading, 20 mg/cmS contributes to electronic 
conductivity. 
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3. The very low polarization of the Au 10% 1*t catalytic electrode 
suggests that the direction to take for Improvement, e.g,, In the search for 
elevated temperature operation and more sinter resistance, should he strongly 
biased toward unsupported single phase catalysts. 
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TABU I. COMPOSITION Op Till: I I I C l HOOTS 


Specimen 

number 

Description 


1 

Q.!> my Pt/ciiP" on Vulcan XC 12 . This Is used as the 
anode In acid fuel cells, where It may be loaded as 
low as Q.25 mg /cur . The carbon Is "Turbostatic 
Black;" l.e., It has some crystallographic ordering 
within the basal plane. 


2 

1.0 mg Pt/em* on acetylene black. This carbon Is 
somewhat more ordered than XC 12 , and more resistant 
to alkali . 

1 

3 

1.0 mg Pt/cim* on previously heat treated (3700 °C) 

XC 72. The carbon Is strongly ordered and Is alkali 
resistant. The surface areas of carbons 1 and 2 are 
similar, and about half that of 1 (Table II). 


4 

l.Q mg Pt/eni^ on XC 72, the composite having been 
heated at 1050 °C, a treatment reported to have had 
effects beneficial, but not fully understood, on the 
activity (ref. 5). 


5 

O.b mg Pt/cm 2 on "carbon paper". The latter Is a 
thin fibrous sheet Incorporating XC 72 carbon with 
Teflon upon which a Pt Teflon mixture Is pressed. 

The tef lonated wire screen of the preceding Is absent. 


6 

0.5 mg Au/cm 2 on acetylene black. This Au particle 
size ranges from -18 A to 80 A with a central 
tendency of -45 A. The structure and the fabrication 
of the electrodes Is the same as that of Pt/C 
electrodes 1 to 4. 

' 

7 

20 mg/cm ? of "unsupported" Au-lOX Pt dispersed 
In Teflon and loaded onto a Au plated N1 screen. 

This specimen came from a commercial IFC (fomterly 
UTC) alkaline fuel cell cathode. The gold particles 
range from -100 A to several hundred angstroms . The 
10 % Pt Is not all alloyed (ref. 6). 

v # 
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10. Abstract 

Studies were made of Pt ■ and Au* catalyzed porous electrodes, designed for the 
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be established; however, useful observations were made of relative performance of 
several types of carbon used as "supports" for noble metal ccatalysts and of some 
Au catalysts. The best half cell performance with Hg/Qg In a 35 percent KCJH 
electrolyte at 80 ®C was given by unsupported fine particle Au on Teflon; this 
electrode, developed by UTC (now IFC), Is used In the arbiter fuel cell. 
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